Introduction
Man and the Biosphere is a UNESCO scientific platform created in 1971 to improve the relationship between human beings and their environment. This platform developed the concept of Biosphere Reserve (BR), and since 1976 there have been 615 BR established in 120 countries, which seek to be representative of the different terrestrial and aquatic ecosystems of the planet (UNESCO, 2015) . The BR are model regions or "laboratories for sustainability" and their aim is to combine biological conservation, socio-economic development, maintenance of cultural values, improvement of quality of life and the equitable distribution of benefits provided by the territory (Borsdorf & Rosas, 2014) .
Some of the ecosystems that have a high conservation priority are those located in Mediterranean regions. Even though these regions cover less than 5% of Earth's surface, they host 20% of all the vascular plant species with a high 2016). Managing wildfire risk through prevention, control and restoration are vital for the integrity of ecosystems, human welfare and the stability of economic activities. In order to quantify wildfire risk and reduce its impacts, the use of tools such as geographic information systems (GIS) and remote sensing has been strongly supported by researchers and practitioners (Frau, Valenzuela, Rojas, Hernádez, & Guajardo, 2006; Huesca, Litago, Merino-deMiguel, Cicuendez, & Palacios, 2014) .
Multiple methodologies have been developed to study the spatio-temporal distribution characterization of wildfire occurrence in order to elaborate and validate wildfire risk models (Mitsopoulos, Mallinis, & Arianoutsou, 2014; Galiana & Karlsson, 2012; Saglam, Bilgili, Dincdurmaz, Kadiogulari, & Kücük, 2008; Verbesselt, Fleck, & Coppin, 2002) . Given that Mediterranean areas are highly populated, it is of outmost importance to characterize the urbanrural interface to identify the wildfires' risk and potential effects considering the human dimension (Herrero, Jappiot, Bouillon, & Long, 2012; Darques, 2015 Darques, , 2016 . This characterization must consider not only structural aspects of the territory, such as roads and urban centers, but also the landscape features in which these aspects are configured, such as topography, fuel load and type, and past occurrence of fires. For example, Alloza et al. (2006) developed a vulnerability model for a Spaniard Mediterranean region using data on historical occurrence complemented with aerial photography and satellite imagery. They validated the model through field testing and using NDVI (Normalized Differential Vegetation Index) as proxy for vegetable biomass (Duguy et al., 2012) . In southern Italy, Aretano et al. (2015) proposed an integrated decisionmaking model, based on GIS, which allows to identify (1) the areas of highest vulnerability that require specific protection measures and (2) the most effective management interventions to reduce vulnerability of the system toward wildfires. These authors used a number of suitable indicators that were selected to discriminate between different levels of sensitivity and pressure.
Construction of wildfire risk models
Conceptually, the wildfire risk estimation consists of identifying variables that contribute to the occurrence of a fire -such as the presence of flammable vegetation and its proximity to ignition sources -and their integration in a mathematical expression that results in a quantitative index. This task, apparently simple, has been approached in multiple ways (De Vicente, 2012) . There is no consensus on key definitions such as risk, threat, and vulnerability. The present study considers risk as the product of threat and vulnerability, the first being a combination of external pressures, and the second an intrinsic condition of the territory.
The construction of an index for this purpose varies according to the focus and approach to the issue, but fundamentally it must provide quantitative information that facilitates decision-making. As is reported by van Wilgen, le Maitre, and Kriger (1985) , a fire risk index must reflect the particularities of the territory that is being analyzed, incorporating different variables according to their relevance to the place and scale of application.
In relation to the spatial-temporal characterization of wildfire risk, Chuvieco and Kasischke (2007) , indicate that baseline information must include: (1) historical patterns of burnt surface; (2) location of transport, residential and service infrastructure; (3) type of vegetation and fuel load; (4) fuel conditions, in particular moisture content; (5) topography; (6) potential damage to landscape and objects of value and (7) impact on vegetation, erosion and other environmental aspects. Once these variables are integrated, the validation of the wildfire risk index should be done ideally with field data for long time series (Chuvieco et al., 2004) . When such records are not available, two of the most widely used and accepted methods in the literature are remote sensing and historical occurrence data (Pedernera & Julio, 1999; Verbesselt et al., 2002) .
Wildfire risk models developed for mediterranean zones have been tested in areas different to those for which they were originally designed, but without the same results, since they don't reflect the particular characteristics of the vegetation, nor the high heterogeneity of Mediterranean landscapes (Ager, Preisler, Arca, Spano, & Salis, 2014) . Arca et al. (2007) also suggest that sitespecific models give more reliable and precise predictions.
In Chile, the fire regime has grown in the last years as a consequence of the increment in the area of flammable species planted, some of them affecting urban areas close by, despite of fire prevention systems, mostly focused in areas of accumulation of high fuel load (Úbeda & Sarricolea, 2016 ).
Wildfire risk modelling in Chile
Some studies conducted in Chile emphasize the role of climatic variables such as relative humidity and wind velocity on fire ignition (Julio, 1990) , while others highlight the anthropogenic drivers that dominate land-use change processes, such as the expansion of forest plantations, forest regeneration and agricultural plot abandonment (Carmona et al., 2012) . For central Chile Castillo, Quintanilla, and Julio (2009) studied the risk and vulnerability to fires in the rural-urban interface of the Valparaíso province where many urban and populated areas exist. Starting from georeferenced records of fire ignition, obtained from the Fire Management Department of the Forest Service (CONAF), these authors determined that fires are concentrated in areas of road connectivity and sectors dominated by deep ravines. Afterward, they elaborated a model to quantify the vulnerability to fires, which was applied to the communes of Viña del Mar and Valparaíso (Castillo, Molina, Rodríguez y Silva, & Alvear, 2013) , with a higher precision for the most heavily populated areas of the region.
In Chile, there are ten biosphere reserves (BR) representing 45% of the terrestrial ecosystems of the country (Moreira & Troncoso, 2014) . La Campana -Peñuelas is the only BR located in the Mediterranean zone and belonging to the biodiversity hotspot of central Chile (Myers et al., 2000) . This BR is in a dynamic scenario of territorial transformation, where land-use change tendencies are conjugated with social interactions characteristic of the rural-urban interface and with the periodic occurrence of wildfires.
According to CONAF, the greatest surface affected by fires in Chile is burnt during the summer months of December, January and February (14%, 31% and 31% respectively). The administrative units (communes) most affected by wildfires in the La Campana -Peñuelas BR are Quilpué, Valparaíso, Casablanca and Limache. In the last 30 years, the total surface burnt has decreased, but the relative contribution of forest plantations to the surface affected by wildfires has increased (CONAF, 2015) .
Even though the La Campana -Peñuelas BR was created in 1984, its Management Plan and associated zoning were approved only in 2009 (Salazar & Moreira, 2014) . The territory where this BR is located has been subject to important historical changes in land use and land cover. These changes are characterized by an expansion of urban limits and the expansion of forestry plantations in the last decades.
The tendencies of land use change in central Chile have had a profound impact on ecosystem services (Venegas, 2015) , which have a synergic effect with the damage caused by fires. Some researchers have proposed that the occurrence of fire is a significant driver for land cover change in Mediterranean areas, given that they produce an immediate and lasting effect on vegetation. Post-fire vegetation regeneration tends to be dominated by exotic species, which are often very invasive (Ireland & Petropoulos, 2015) . Also, burnt sites are more vulnerable to being burnt again due to the remaining fuel content on the ground composed of fallen and standing trunks. This is especially relevant when the wildfire had a low burn intensity, in sites that are close to urban or agricultural areas (Bajocco & Ricotta, 2008) , and where there is intense propagation of annual herbs that become dry vegetation in the summer (Luebert & Pliscoff, 2017) . The present work consists of a methodological approximation in order to identify the areas which higher wildfire risk (in relation to ignition, propagation and impact) in a Biosphere Reserve located in the Mediterranean landscapes of Chile. Using GIS and remote sensing, we design and apply a wildfire risk index, considering the available cartographic information and contrast the results to historical wildfire occurrence. The purpose of this work is to contribute with an instrument for decision making in the areas of fire prevention and control, as well as post-fire ecosystem restoration, in order to strengthen the sustainability of a region of utmost biodiversity importance.
Area of study
The Biosphere Reserve selected for the analysis of wildfire risk and occurrence was La Campana -Peñuelas BR. It has a total area of 241.000 hectares, was created in 1984 and covers a territory of 14 communes in two administrative regions (Valparaiso and Santiago) that contain almost half of the national population. (Figure 1 ). Enormous challenges for management stem from lack of consistency and coordination among the weak territorial planning instruments and other tools (e.g. specific management plans of protected areas) developed under multiple levels of decision-making ( Figure 2) (Salazar, Moreira, & Río, 2015) . It is vital, then, to develop tools that facilitate the coordination between actors and the decision-making process.
The temporal approach chosen for quantifying wildfire risk has a long-term orientation towards decision-making related with territorial planning and reducing the negative impacts of wildfires. For this, structural risk variables that do not change, or change slowly over time were selected (De Vicente, 2012) . Climate variables such as precipitation or temperature are not included for two reasons. First, they are not considered structural variables to determine long-term risk, but rather specific conditions that would better serve in a fire occurrence probability model. Second, there is a lack of representative time series for the area of study that can account for micro-climates characteristic of mountainous areas and coastal territories.
Fourteen communes are included within the BR limits, but only six account for more than half of the BR territory (Olmué, Hijuelas, Quilpué, Limache, Valparaiso and Villa Alemana; Figure 2 ). These six communes also cover approximately 75% of the BR area. Another commune (Casablanca) has the second largest area inside de BR, however, its net coverage is less than half, due to its extensive territory (Figure 2 ). These communes are especially relevant considering they have an important role in decision-making that is decisive for the BR as a whole. 
Methods

Preparation of geospatial data
The spatial information used comes from official sources (Table 1) , shows vector and raster data organized using GIS. The vector data was used for the construction of maps and as input for the fire risk variables. The raster data comes from LANDSAT image processing and was used for the comparison of the index with historical occurrence as is described later on. 
Structure of the wildfi re risk index
In order to defi ne the variables to calculate wildfi re risk, literature and available data were revised. Th e variables were grouped in three clusters: ignition, propagation and impact. Th e values for each variable were assigned a risk class from 1 to 7 based on their particularities (Table 1). Variables were combined using GIS to generate three cluster maps and then a composite wildfi re risk map (Figure 4 and Figure 5) . Th e ignition cluster considers ignition sources and fuel type. Th e propagation cluster is composed by intrinsic characteristics of the territory that aff ect the fi re behaviour. Finally, the impact cluster considers territorial elements that would be aff ected and/or aggravated by the occurrence of fi res.
Ignition cluster
As a transport variable, the road network was used because these have been identifi ed as the main source of ignition due to the high traffi c of people (Castillo et al., 2009) . Another source of ignition are populated areas (Chuvieco & Kasischke, 2007) , for which a buff er distance and the type of populated area were chosen. Areas that are not consolidated and more disperse present a higher fi re risk (Fox et al., 2015; Herrero et al., 2012; Lampin-Maillet, Long, Ganteaume, Jappiot, & Ferrier, 2011; Bhandary & Muller, 2009; Saglam et al., 2008) . Th e third variable in this cluster is fuel type, which was quantifi ed using a supervised classifi cation of LANDSAT images between 1985 and 2015. 
Propagation cluster
The two variables that compose this cluster are topography and hydrography. The topography of a territory affects the behavior of fires inasmuch as those areas with steep slopes are favorable to the acceleration of fire propagation (Viedma, 2008) . Moreover, the proximity to bodies of water prevents fires; at a greater distance fire spread is encouraged (Carmona et al., 2012) . Riparian ecosystems present higher biodiversity in general than surrounding areas, making them more resilient to fires, even acting as firebreaks, as long as streams have permanent water flows.
Impact cluster
This cluster considers elements that are negatively altered by fire occurrence, such as: vegetation, soils and areas of high environmental value.
To integrate vegetation as a variable, the national characterization developed by Pliscoff and Luebert (updated in 2017) was used. The representativeness of these vegetation formations was analyzed within the BR, assigning them a hierarchal vulnerability degree based on the total national surface, the percentage under state or private protected areas and the number of species under some category of vulnerability. Thus, for example, the "Mediterranean deciduous forest dominated by Nothofagus macrocarpa and Ribes punctatum" formation has an extension of 87.355 hectares on a national level, of which 20.044 ha (22%) are represented in protected areas. On the other hand, the formation defined as "thorny forest of Acacia caven and Prosopis chilensis" has a national surface of 340.929 hectares, of which only 7.001 ha (2%) are protected. Additionally, Prosopis chilensis a dominant species of this formation is listed as vulnerable (MMA, 2013), therefore receiving a higher risk value.
Regarding soils, erosion and desertification are two relevant phenomena associated to soil management in Chile. Due to extractive activities and accelerated changes in precipitation and temperature patterns, these processes are a worrying reality, especially in the central zone of Chile where the BR is located (CIREN, 2010a, 2010b) . Fires aggravate both processes by leaving the earth surface devoid of vegetation and exposed to erosive factors such as wind and rain.
There are different types of protected areas within the BR, which are normed by different national organisms and have different degrees of protection and restrictions. With the purpose of comparing the different high environmental value areas present in the BR, they were assigned a score based on the type of restrictions they present (Table 3 ). We considered areas that are officially protected and those that are considered vulnerable and are not protected (specifically, wetlands). National Parks have the highest environmental restrictions; therefore they receive the highest value, followed by National Reserves and Nature Sanctuaries. National and Regional priority conservation sites are mere indicative definitions without strict regulations. Private protected areas were scored the same as National Reserves since they are managed under equal standards (Biblioteca del Congreso Nacional, 2010; Comité Nacional Pro Defensa de la Fauna y Flora, 1999). Finally, non-protected areas were assigned a higher score to reflect the lack of resources available to protect and restore the area in the event of a fire. Within this variable, we have also considered a 50 radius buffer around National Monuments (Biblioteca del Congreso Nacional, 2013) to account for the possible loss of these. Overlapping areas obtain the sum of these scores to reflect the assumption that they have higher environmental value, and thus a fire would result in the damage or loss of more valuable environmental resources.
Comparison of the risk index results with past wildfire occurrence
Because there is no time series of field data available, we opted in quantifying historical occurrence based on remote sensing, through the Nearest Burnt Ratio index. This method has been used in other studies with satisfactory results (Escuin, Navarro, & Fernández, 2008; Manzo Delgado & López García, 2013) . The precision of the NBR index allows for an accurate detection of areas that were burnt within the last month. The information was obtained from the processing of LANDSAT images between 1985 and 2015. Each year an image was selected from a summer month (January, February and March). Although the data obtained accounts for only the fires occurred during the summer months and not the whole year, we consider this to be a good representation of the spatial distribution of fires since official data shows that around 75% of fires occur during the summer (CONAF, 2015) . The data obtained from each year was overlaid to obtain cover values representing the number of times the surface was burnt during the study period. This historical fire occurrence cover was contrasted with the fire risk classification.
Results
Risk variables
The risk variables selected were assigned risk values between 1 and 7 based on their particularities detailed in Table 1 . The results are presented by a cluster of variables (ignition, propagation and impact) in order to better understand their contribution in the final risk map. The classification of the cluster raster layers was done based on 0.5 standard deviation cuts. These maps are shown in Figure 3 .
The ignition cluster map shows a greater risk in areas with good road connectivity and even greater in places where the populated area consists of disperse houses rather than large conglomerated urbanized areas. Forest plantations had a significant contribution to the risk level of the coastal, southernmost part of the Valparaíso Region. In wildland areas, far from populated areas that have less road access, the risk level depended mostly on fuel type. Areas with dense forests, dominated by sclerophyllous tree species had a larger impact on the risk quantification. This vegetation type is found mostly on southern-aspect hillsides, whereas north-aspect hillsides are mainly dominated by xerophytic species or less-dense thorny shrublands, and less so by sclerophyllous forest.
For the propagation cluster, mountainous areas that have steep slopes are more favorable to the spreading of fire. In contrast, valleys where permanent streams and bodies of water are found, it is less likely for fire to behave in a dangerous manner. Also these flatter, low-elevation areas are apt for fire combat as the terrain has better accessibility.
Finally, the impact cluster highlights vulnerability elements from the study area. The north-eastern part of the La Campana -Peñuelas BR concentrates both the most vulnerable soils and the vegetation types that are less represented in protected areas. This area is made up of mainly granitic soils that have a high level of desertification and erosion potential. It also concentrates vegetation types that have species in some conservation category such as Prosopis chilensis and Nothofagus macrocarpa.
Integration of risk variables and territorial analysis
The final risk analysis was developed through a combination of all variables with equal weights. The resulting raster layer was re-classified using a 0.5 standard deviation classification to obtain 7 risk classes (Figure 4 and Figure 5 ).
Historical occurrence
The burnt areas considered in this study had a minimum surface of 10 hectares. The resulting polygons of burnt area during the 1985-2015 period were overlaid to obtain a map of cumulative fires (Figure 6 Given that most wildfires occur in the summer, the historical data obtained from the NBR index comes from images selected during the summer months of each year. Therefore, we can expect these records to represent a significant proportion of all fires occurred during the study period .
The results obtained from the NBR processing show the same trends as the official CONAF records. Both the historical data from CONAF and the NBR show reductions in the surface area burnt and coincide in the years with the greatest amount of area affected by fires, as well as the administrative units most affected (Figure 7 ). The communes with the greatest surface area burnt according to both records are: Quilpué, Valparaíso, Casablanca and Limache. Difference are given by CONAF data consider the entire administrative units, in turn data extracted from Landsat imagery is restricted to the share of each administrative unit within the BR.
The advantage of the NBR historical data is to visualize the location of the burnt surface within the BR: most of it corresponds to the transition zone, with the exception of the years 1991 and 1999, where there was more burnt area within the buffer zone corresponding to (55% and 86% of all burnt surface). On the other hand, the data from CONAF allows to identify the type of land cover burnt each year. For the communes of interest, the largest area affected corresponds to native vegetation corresponding to (87% on average for the 1985-2015 period), particularly mediterranean shrubs. However, in the study period, forest plantations of Pinus radiata and Eucalyptus globulus have gained importance, increasing in 10% of the total area affected by fires.
Wildfire risk in relation to historical occurrence
The comparison between the historical wildfire occurrence data and the composite wildfire risk obtained through the methodology presented above reveals that wildfires have not necessarily occurred in areas which pose the highest risk. From the LANDSAT images analysis, it was derived that 92% of the La Campana -Peñuelas BR has not been burnt in the past 15 years, and less than 0.5% has been burnt two or more times. With regards to the wildfire risk classification: 49% of the BR area has a low wildfire risk (risk class = 1), 9% has a high risk (risk classes 3 and 4) and 4% has a very high risk (risk classes 5, 6 and 7). The commune presenting the highest average risk class is Til-Til, followed by Olmué, Hijuelas and La Cruz. Olmué and Hijuelas are particularly relevant communes as their territory is completely within the BR and a significant percentage of their surface shows a high and very high wildfire risk.
Despite the low correspondence between historical wildfire occurrence and wildfire risk, the results of the modelling are relevant because they account for a definition of risk that includes both threat and vulnerability of a territory. Threat is a condition generated by external pressures; while vulnerability is an intrinsic condition of the territory. The present fire risk model includes external pressures that are stable over time (such as roads and human settlements), and also intrinsic conditions that make certain areas more vulnerable (such as vegetation cover and soil condition). Knowing that some areas have high vulnerability (and therefore higher risk), but have not historically been burnt many times, can help to account for the high priority of conservation these territories. The model also allows to identify areas that have had strong wildfire pressure over time and also pose high risk, thus should have resources allocated to them for restoration efforts.
Discussion
Our results respond to the purpose of offering an alternative to quantify risk and identify the sectors that are more exposed within the La Campana -Peñuelas Biosphere Reserve. The advantage of developing a site-specific wildfire risk index is that through the selection of relevant risk variables, a more precise risk estimation can be obtained according to the particularities of each territory (Mitsopoulos et al., 2014) . Mediterranean ecosystems of the world share being highly associated with urban areas and conditioned by social factors that increase the vulnerability to wildfires. Thus, the implementation of ideas and methods in Chile is transferable to other Mediterranean areas, especially related to the impact of highly valuable vegetation types.
For Central Chile, Altamirano, Salas, Yaitul, SmithRamirez, and Ávila (2013) developed a logistical regression model and used maximum likelihood adjustments to select 3 explanatory variables out of 14 variables analyzed, to explain the probability of wildfire occurrence. The selected variables were minimum temperature for the coldest month, precipitation seasonality and distance from cities. Climatic variables are key in determining the probability of occurrence, since they greatly affect the conditions of fuel load. In the present work, we opted in using structural variables that don't change much throughout the seasons or years. A model of wildfire probability occurrence differs from risk quantification, mainly because the latter incorporates threat (external factors that facilitate ignition) as well as vulnerability (intrinsic characteristics of the territory that are predisposed to a higher negative impact). With regards to the method used for historical occurrence quantification, it is worth mentioning that in order to account for the entire spatial-temporal distribution of all fires, it would be necessary to process images from other seasons as well (spring, winter and autumn). Nevertheless, the data obtained is a good representation of the historical occurrence of fires in the study period as they have a similar tendency when compared to the official historical data from the National Forest Corporation (CONAF). Also, the burnt area quantified using the NBR index accounts for the season when most of the fires occur (around 75% of fires occur in the summer).
Some additional improvements to our work, aside from the application of NBR processing to autumn, winter and spring images, would be to incorporate fuel type variation throughout the year. The conditions of combustible vegetative material, especially its water content, have a direct relation with the probability of ignition and propagation of a fire. Humidity in live and dead vegetation varies significantly throughout the year, and even throughout the day. Some authors have accounted for this variation, detecting that the importance of the water content in vegetation is higher in spring and lower in autumn . Other authors have conducted focalized studies to determine the specific flammability of different vegetation types. They have done this using a combination of climatic data, such as surface temperature, and the Normalized Differential Vegetation Index (Chuvieco et al., 2004) . There are no studies conducted in Chile that account for this variation, let al.ne studies that use climatic data to reflect projections of climate change to model fuel load. In addition, the use of the MODIS products is highly valuable. Even though they are available only from 2000 to date, they allow to analyse very extensive areas including data of different seasons, a quality band to correct the data provided and very well developed algorithms to identify burned areas (e.g. Giglio et al., 2010; Darques, 2015 Darques, , 2016 Giglio, Schroeder, & Justice, 2016; Levin et al., 2016) .
The approach to quantifying risk in the present work aimed to contribute concrete information for decision making. There is some experience in Chile with ecological restoration of native forests affected by wildfires (Fernández et al., 2010) , so identifying the areas that are more threatened and vulnerable to fires could help allocate resources for restoration more efficiently. Another application of risk analysis is to improve the infrastructure and coverage of wildfire control. By using network analysis of geographic information systems, the service areas for existing firefighting stations can be determined thus identifying those areas with less coverage and those more exposed to fire damage. This type of land-cover firefighting is different from aerial firefighting. In order to account for the aerial fire-fighting capacity, the quantification of the service-areas should be based on direct distance travel times.
The current fire modeling and alert system for CONAF is called Kitral and mostly deals with economic efficiency in firefighting (Pedernera & Julio, 1999) . This system feed the alerts provided by inhabitants and practitioners of the Ministry of Agriculture and the office for emergencies of the Ministry of Interior. Some areas have towers of observation, especially in protected areas and forestry plantations. We suggest that incorporating ecological and social variables could improve the detection of vulnerable areas and increase the options for early detection of wildfires and timely combat.
Finally, we hope our results contribute to territorial planning at the level where management objectives and strategies on different scales are defined, including management instruments such as Commune Plans, Intercommunal Regulatory Plans, National and Regional Biodiversity Strategies and Management Plans for Protected Areas. Stephens, Millar, and Collins (2010) have proposed strategies grouped in resistance, resilience, response, and strategic alignment, all of which are oriented towards the persistence of the species on an ecoregion scale.
The areas identified with highest risk are not necessarily those that have historically been more affected by wildfires. This should alert decision-makers to focus resources for fire prevention in these areas. Identifying the risk areas can beneficial for environmental protection, because burned areas contribute to increase water erosion risks, which is especially important in semiarid zones (Norzagaray-Campos et al., 2016) and in hilly landscapes that contain large extensions of agricultural lands (Jarašiūnas & Kinderienė, 2016) . Therefore, wildfire prevention should be motivated not only to avoid the loss of constructions and valuable ecosystems, but also to avoid hazards like flooding or landslides.
Conclusions
Fires like others processes that modify ecosystems everywhere will be affected by global climate change. We cannot rely fully on past climate conditions to develop future management plans. In order to respond to uncertainty, it is imperative for decision makers to integrate adaptation strategies in their plans in response to climate change. The current Management Plan for the La CampanaBiosphere Reserve has no specific considerations on fire occurrence or risk. The UNESCO Man and the Biosphere Program proposes that Biosphere Reserve Management Plans should be revised periodically every 10 years. The Management Plan for the La Campana -Peñuelas BR should be revised and updated soon. We hope this fire risk analysis contributes to a better understanding of a region of global biodiversity importance and provides empirical information for the optimal and sustainable management of this Biosphere Reserve in the future. The results of this research highlight the need to destine resources to fire prevention in valuable landscapes and develop adaptation strategies for risk management and environmental protection at different scales.
